Abstract. Training and knowledge of lighting is an increasingly sought-after professional quality in Denmark and Sweden. However, technological development in the lighting field has been in recent years extremely rapid, not least in Scandinavia. This has led to a situation, where users, designers, specifiers, buyers and installers are often neither in possession, nor have access to, the knowledge about lighting that they need. The aim of the study is to map and analyze the existing offer and demand for competencies within lighting related fields. That is to say, the study has looked at the existing educational programs within a broad field of lighting and compared this 'supply' to the current 'demand' by local employers. The paper presents the results from a statistical analysis of data collected from a series of surveys, expert interviews and focus groups, involving more than 250 participants in Sweden and Denmark. Based on the findings, the paper presents recommendations for the design of educational curricula.
Introduction
Light has been shown to have a significant impact on our daily lives in such fields as health, learning, work and general wellbeing (Schlangen et al., 2014) . Training and knowledge of lighting is therefore becoming a more widely sought professional quality in Denmark and Sweden. However, technological development in the lighting field has in recent years been extremely rapid, not least in Scandinavia. This has led to a situation, where users, designers, specifiers, buyers and installers have in many cases been outpaced and are neither in possession nor have access to the knowledge about lighting that they need. For example, latest LED developments entail completely new prerequisites for electricians, electrical installers, architects, urban planners and municipalities. Another example is that IT educational programs should today include the development of programming skills that are required by 'intelligent' lighting. For the purpose of this study, these bottlenecks are referred to the 'gaps' between the existing educational offer and industry's demand.
The quantifying and mapping of the supply and demand for lighting-related competencies in Denmark and Sweden provides the basis for the investigation of the current gaps. The study has investigated the relation between the demand, driven by the labor market, and the educational offer within the interdisciplinary field of lighting, through a series of extensive surveys that helped collect data on the current situation in Greater Copenhagen.
The aim of the study was to map and analyze the present offer and demand for competencies within lighting related fields. That is to say, the study looked at the existing educational programs within a broad field of lighting and compared this 'supply' to the current 'demand' by local employers.
The research identifies and contributes to the establishment and growth of underdeveloped or lacking competencies in the region. This approach attempts to lay the foundation for a comprehensive strategy for reducing the 'gap' between labor demand and the provision of educational services in the lighting field. Mapping the existing competencies can also strengthen and expand lighting education in the region by opening up new possibilities for collaboration between municipalities, industry and educational institutions. Establishing future scenarios within this context can pave the way for new beneficial partnerships with the aim to improve their international competitiveness. Building a strong relation between educators and employers in the region can be beneficial for all parties, including municipalities, private companies as well as educational institutions themselves. The field of lighting is rapidly developing and expanding to include an increasing number of disciplines varying from technical and humanistic to artistic practices both on a practical and theoretical level. The goal of the study is therefore to provide an overview to support the development of a comprehensive strategy that reflects the labor market demand, together with the design and organization of the supply-side of the lighting education. The purpose is thus to ensure that well-trained lighting professionals graduate from the educational programs that support the interdisciplinary lighting industry in Greater Copenhagen.
Method

Surveys
To define the primary themes for this research project, a broad range of competencies were identified within the field of lighting. To validate these competencies and categories, a focus group with selected participants was presented with an initial definition, and the competencies and categories were developed based on the focus group discussion. The results were compared with the previous findings obtained from LYSNET.dk and the "key topics" identified in the DCL report (Dansk Center for Lys & Innovationsnetvaerket Dansk Lys, 2012) . The final set included 111 competencies and 8 categories. Next, the extensive screening of educational programs in Denmark and Sweden was carried out to identify which programs potentially offer relevant lighting related courses. The analysed educational institutions included universities, university colleges, architectural schools, engineering colleges, stage and art schools, Swedish Högskolar, as well as professional bachelor programs, including those that train electricians.
Relevant search-words were identified and a comprehensive online search was performed for each of the competencies. Based on the findings from UddannelsesGuiden (www.ug.dk), studere.nu and studentum.se, almost 300 educational programs were found to be potentially relevant to the 111 competencies; of these 150 were included in the survey, based on a fine-meshed screening. Online surveys were designed using SurveyXact for all 111 competencies, divided into eight topics. The questions employed a Likert scale to determine the degree to which the included educational programs "supply" the 111 competencies. The questionnaire was tested with 15 selected participants to identify errors. In January 2017, 152 respondents from different educational programs were contacted by phone before the launch of the survey in order to encourage and motivate participation. The selection of this group was based on a spread of the different professionals (within groups such as architecture, engineering, technical etc.); different types of educational programs; and the extent to which the educational institutions were estimated to provide lighting-related competencies. The 'supply' survey was completed and distributed by early February 2017. All respondents were sent two reminders and 84 valid responses were received. Subsequently, a similar online survey was designed to establish the 'demand' for the 111 competencies by companies and municipalities. Relevant contact persons were identified via industry related websites and Danish and Swedish light associations, such as: Innovationsnetvaerk Dansk Lys (DK), Elforsk (DK), Lysnet. dk (DK), Sydljus (SE), Ljuskultur (SE), Belysningsbrachen (SE) and Lighting Metropolis (DK + SE). The survey was also advertised in the newsletters for members of DCL (Dansk Center for Lys, DK) and Sydljus (SE). Personal email addresses were gathered online and all demand-participants received the survey by email, with an introduction to the project via SurveyXact. A few random people received a phone call or a personal email. This effort resulted in the database of 435 contact persons and 92 valid answers.
Analysis
Data obtained from the 'supply' survey were subjected to a descriptive analysis. Subsequently, the data obtained from the 'demand' surveys were also analyzed by descriptive analysis. The results of the two initial survey analyses were then compared and major gaps between the supply and demand of the identified competences were identified. Next, Wilcoxon Signed-Rank statistical tests were carried out on the survey results, where the 'supply' answers were paired with the 'demand' answers. This nonparametric test is suitable for paired samples and is based on the ranks of the absolute difference in the values of each pair of Likert scale responses. The findings of the initial descriptive analysis were generally supported by the statistical methods.
To validate the results of the statistically significant gaps and the future possibilities of research, education and collaboration, we interviewed 17 prominent European experts in lighting. Interviews were partially transcribed, highlighting only relevant parts of the interviews. The quantitative results of the current situation in Denmark and Sweden, combined with the qualitative findings from the expert interviews, resulted in several hypotheses formulated for the current situation, the immediate future and for a 5-10 year perspective.
In June 2017, 14 representatives of industry, municipalities and educational institutions from Denmark and Sweden met at Aalborg University in Copenhagen to take part in two focus groups. The results obtained from the surveys, as well as other findings and the preliminary hypotheses formulated based on the series of expert interviews were presented to the participants of these two focus groups. The final analysis was carried out to review the new information, reflect the feedback from the focus groups' perspectives in the findings, and rank and recommend the competencies that require higher education support in the future.
RESULTS
Supply
In total, 160 respondents were contacted, of which 51% completed the survey, 5% partially completed the survey, 4% were discarded and 40% did not respond to the questionnaire. As a result, 84 valid answers were obtained from various higher education institutions in Scandinavia, including those offering master studies (52%), bachelor studies (18%), professional bachelor studies (6%), professions (17%) and others (7%). For the completed and partially completed responses, the country and gender distribution was as follows: Danish (63%) and Swedish (37%); female (22%) and male (78%) (Figure 1 ). 01004 (2018) https://doi.org/10.1051/shsconf/20184301004 LIGHTING DESIGN 2017
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Demand
In total, 435 respondents were contacted, of which 18% completed the survey, 6% partially completed the survey, 3% were discarded and 72% did not respond to the questionnaire. As a result, 92 valid answers were obtained from industry, including architects (10%), building consultants (4%), consulting engineers (11%), daylight advisers (5%), from the energy sector (7%), lighting designers (21%), manufacturers (14%), municipalities (11%), sales (1%) and others (16%). For the completed and partially completed responses, the country and gender distribution was as follows: Danish (63%) and Swedish (37%); female (25%) and male (75%) (Figure 1 ).
Figure 1: Survey responses based on educational level and sector
Crossing borders
To show the distribution of supply and demand, the survey participants were marked in red and blue, respectively, on the map of Denmark and Southern Sweden (Figure 2) . Due to the size difference, five educational institutions in the northern part of Sweden, including two education institutions in Luleå, two in Umeå 2 and one in Sundsvall were not included in Figure 2 . The graph shows that the concentration of lighting related competencies is currently highest in the larger cities, particularly in Greater Copenhagen.
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Gaps -statistics
The results of the two online surveys are derived from the survey data and based on a Likert scale of 1-4, where 1 = not at all, 2 = to lesser degree, 3 = to some degree and 4 = to high degree. The additional option was provided to select "don't know" and add a qualitative comment. The "don't know" answers were discarded. All 111 categories included in the survey were investigated and the biggest gaps were identified and categorized by using descriptive analysis. To investigate these findings more thoroughly, we applied statistical analysis in the form of a Wilcoxon Signed-Rank test. Statistical significance supported the indication for the effect of the gaps, thereby, ensuring reliability of the obtained results and supporting the final categorization of the identified gaps between supply and demand. 
Overview of competencies and categories
All results were compiled in a table (only partially reproduced in Figure 3 ) by combining all the information to provide an overview of all competencies and categories.
The first column of the table refers to the category of priority. Selected competencies were categorized with pink (high priority), orange (some priority), yellow (less priority) and white (no priority).
The second column indicates the characteristic of the gap: 'd' means the gap is large because the demand is very high (average >3), 's' is used when the supply is very low (average <2) and "d/s" is used when a competence has both a high demand and a low supply.
The third and fourth columns show a color code based on the average S (supply) and D (demand). Bright red (lowest <1.5) -yellow (average 2.25-2.5) -highest (dark blue >3.45) ( Table 1, The ninth and tenth columns refer to the name and number of the topics and competencies. The columns eleven to thirteen rank the three educational levels with the highest supply in that category and the column fourteen the most frequent number in that topic.
The same applies to the columns seventeen to twenty, where the numbers refer to the sector with the highest demand. If the numbers are red, the supply/demand is very low all over. If the numbers are green, the demand is very high for all categories and maybe in more than three.
The last two columns, fifteen and sixteen, refer to the above-mentioned educational scores, but are related to the nationality, where red represents Denmark (DK) and blue represents Sweden (SE). A darker color shows that the supply/demand is convincingly higher in either DK or SE, while if the color is light, the supply/demand is higher, but not to the same degree. 01004 (2018) https://doi.org/10.1051/shsconf/20184301004 LIGHTING DESIGN 2017 
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DISCUSSION
Pros and cons
Mapping the gaps between the educational supply on the one hand, and the demand from the interdisciplinary lighting industry, on the other, in both Denmark and Sweden proved to be very complex. Therefore, several decisions were made to both define and limit the study. These include a more precise definition of the employers (municipalities and industries) located in the Greater Copenhagen Region, while educational programs covered the entire area of Denmark and Sweden. This decision was made early in the study, considering the fact that employers do not necessarily rely on local education providers to obtain the knowledge they require. However, it may be argued that the education programs referred to in the study might be developed in the region with advantages to both education and employers. This 7 SHS Web of Conferences 43, 01004 (2018) https://doi.org/10.1051/shsconf/20184301004 LIGHTING DESIGN 2017 discussion however goes beyond the scope of this study and remains within the remit of the overall Lighting Metropolis strategy.
Furthermore, the selection of the Likert Scale for collecting quantitative data proved to have both benefits and disadvantages. One of the benefits was the possibility to combine all 111 competencies into one questionnaire suitable for various types of respondents. This open approach allowed us to combine, within an almost identical questionnaire, various educational levels, institutions, courses, and systems into one group of respondents. It has also enabled us to combine a wide variety and size of "demanders" in the private and public sector, including municipalities, artists, international engineering companies, architect firms, salesmen and lighting designers, into the second group of respondents. In this way, the survey could embrace different types of respondents and accommodate the variety to be found in the context of the study.
Reaching a minimum of 80 participants from both groups was set as the target. While this target was in fact achieved, the supply-survey response rate was 51%, which despite personal phone calls and email correspondence was lower than the goal of 70% of the invited participants. This result may have been influenced by the inclusion of a long introduction text and 111 questions, some of which had little or no relevance for some respondents. Additional bias may have occurred because some relevant educational institutions did not participate in the study.
The Likert scale applied for the survey questions included the following measures , namely "high degree", "some degree", "lesser degree" and "not at all". To some degree, the respondents answered based on their subjective understanding of these levels, leading to the possibility of bias in the results. For example, one educator may have assigned the answer of "4 -supply to a high degree" to the inclusion of a 15 ECTS course in their curriculum, while another may have signed a similar value to a 5 ECTS course. The survey however intentionally ignored the measure of ECTS credits as the indicative of the supply, as the Danish Centre for Light previously attempted (Dansk Center for Lys & Innovationsnetvaerket Dansk Lys, 2012) . This is primarily due to the fact that the questions and answers based on ECTS may be similarly misleading, as many aspects of lighting education can be found in the courses dealing with other subjects. One example is the area of light and energy, which can fall within broader approaches and coursework on sustainability. This may have forced the respondents to make subjective estimates of the share that lighting has in the total course.
Randomization
To keep the order of the themes and sub-points, all the participants answered the questions in the same order. In a longer survey such as this one, where we attempted to ensure the average answer time of eight minutes, participants may become impatient, annoyed or merely bored toward the end of the survey. If so, this can cause bias in the answers to the last themes compared to the first themes. In the partially completed answers, we see that especially the 'demand' participants tended to quit the survey in the middle of theme 5 "Light and planning". This can also indicate that the participants in online surveys lose concentration after approximately 50 questions.
Tendencies
When comparing the results and analysis from both surveys, the demand was higher than the supply for all 111 questions. This finding might suggest a tendency that the educational suppliers were more careful in their statement of what degree they educate in the different fields, and that people on the demand side exaggerate what they need and want from the people they employ. It may however also be interpreted that there is simply a higher demand than supply in all 111 categories. However, to accommodate this apparent 8 SHS Web of Conferences 43, 01004 (2018) https://doi.org/10.1051/shsconf/20184301004 LIGHTING DESIGN 2017 imbalance, the gap between the supply and the demand is only considered significant when the difference between the average values is above 1.25 on the scale from 1-4 (Figure 3, row 5) .
Another tendency suggests that the biggest suppliers of lighting-related education are among university colleges ("professions højskoler"), although an exception to this is the theme 4 "Light & Energy", where engineering programs supply is at a high level.
The highest demand varies over the eight themes (Figure 3, rows 11-13 ).
Looking at the geographical distribution of the supply based on the themes, there is a tendency towards a higher Danish supply across all themes with the exception of theme 2 "Health & Wellbeing", where the Swedish supply is higher and theme 8 "Characteristics and Measurements", where the distribution is more even.
The country-based demand is much more inconsistent, showing a strong tendency towards a higher Swedish demand in theme 1 "Experience", theme 2 "Health & Wellbeing" and theme 8 "Characteristics and Measurements" and a higher Danish demand in theme 4 "Light and Energy" and theme 6 "Daylight", as well as a small tendency in theme 7 "Digitalized light" (Figure 3, rows 15-16 ).
Implications
The gaps were divided into three categories based on the dominant factor responsible for the gap, i.e.: significantly low supply, higher than average demand or a combination of high demand and low supply ( Figure 3, row 2) . Additionally, all 111 categories were evaluated based on the gap size, statistical significance of gap and popularity. The most significant gaps were divided into three final categories that determine their priority (Figure 3 , rows 3-8).
CONCLUSIONS
This study supports the findings of the previous studies, in particular the DCL-report published in 2012 (Dansk Center for Lys & Innovationsnetvaerket Dansk Lys, 2012), which indicated a high demand for interdisciplinary qualifications in Denmark and pointed out that the lighting industry was lacking specialized skills related to lighting design and that many companies were willing to offer internships and collaborative projects. The research on competencies, job functions and demand in the engineering field, performed by The Danish Technological Institute, suggested that in 2020 engineers that are able to work in a cross-disciplinary field will be in high demand (Teknologisk Institut, 2013) . The present study qualifies and expands this previous research, providing a more in-depth analysis of the needs for future educational programs.
The statistical analysis of the surveys highlights the significant gaps between the supply and the demand. These areas and competencies were identified and categorized. The biggest gaps were located and systemized into three categories ('high', 'some', and 'less' priority) to provide a guidance for future action.
Primary priority
The areas with the largest gaps between the supply of education and the employment demand, categorized as the highest priority, are as follows. In the pink category, marked as high priority, we find 18 competencies from six different topics. Of these 18, eleven topics have a large gap based on the combination of low supply (average< 2) and high demand (average>3), whereas seven topics don't have a significantly high demand, but a very low level of supply (average<2).
